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ages were acquired at a sampling rate of 30 Hz. The mean transit rate of
Albunex® through the myocardium was derived by fitting a y-variate function
to the background-subtracted time-intensity plots. The mean transit rate of
Albunex® decreased as the hematocrit decreased. On multivariate analysis,
the hematocrit and the p02 were the best correlates of mean microbubble
transit rate (y : 0.06 hematocrit - 0.002 p02 + 0.72, r: 0.72, p < 0.001).
We conclude that MCE, can be used to assess reversible microvascular in-
jury. This technique, therefore, has great potential for understanding dynamic
changes in microvascular function in-vivo, particularly those modulated by
the endothelium.
occ. The slight increase noted in normalized epicardial flow during these 3
stages in the controls (0.31 ± 0.11 to 0.33 ± 0.010 to 0.38 ± 13, P < 0.01)
was significantly less than in PC dogs, and was not detected with MCE.
In conclusion, in this canine model, collateral flow to an occluded vascu-
lar bed is enhanced by prior brief ischemia/reperfusion in a distantly located
coronary bed. Furthermore, the resulting decrease in RA size appears on-
going during the sustained occ. "Remote" PC may facilitate the recruitment
of preformed collaterals situated between the 2 beds, and this phenomenon
may help explain the reductions in infarct size associated with this PC model.
IVS: interventricular septum; Ant = anterior wall; Lat = lateral wall
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The virtual dynamic range (VDR) of an echo (2DE) system vis-a-vis the re-
lationship between microbubble concentration and videointensity is set at
the upper level by the microbubble concentration at which the system sat-
urates and at the lower level by the concentration at which microbubbles
are detected. To test the hypothesis that the VDR of a system influences
the microbubble transit rate, we performed experiments using three 2DE
systems: Biosound-ND256 (BS). General Electric RT5000 (GE), and Hewlett
Packard Sonos 1500 (HP). For the in-vitro experiment, we imaged a segment
of a vein which was immersed in a saline bath. Flowthrough this system was
set to 8 different levels using a roller pump. At each flow, Albunex® (Molecu-
lar Biosystems) was injected into the tubing over 0.1 sec and images of the
vein were acquired using all three 2DE systems. Radiolabeled red blood cells
(RBCs) were also injected at each stage and their time-activity curve through
the vein was recorded using a miniature Csl2 probe. For the in-vivo experi-
ment. we imaged the LAD bed of a dog in whom the LAD was perfused with
blood from the carotid artery and flow to the LAD was set to 6 different lev-
els with a roller pump. At each flow, 0.5-1 ml Albunex® was injected into the
LAD and 2DE images were obtained using all three 2DE systems. In addi-
tion, RBC transit rate was also obtained at each flow rate. Myocardial transit
rates were derived after background-subtraction. The relation between RBC
and microbubble transit rate in-vitro was excellent (r > 0.95) for all three 2DE
systems. While the regression lines for the BS and GE systems were close to
the line of identity, there was a systematic overestimation of transit rate us-
ing the HP system by two-fold. The relation between RBC and microbubble
transit rate was also very good in-vivo (r > 0.90). However, the only system
that did not overestimate myocardial transit rate was the BS; the HP system
demonstrated the greatest overestimation.
In the in-vitro experiment, where background is minimal, only the HP sys-
tem overestimated microbubble transit rate because of its narrow VDR. In
the in-vivo experiment, where myocardial background is considerable and
thus the VDR is further reduced, both HP and GE systems overestimated
microbubble transit rate. The microbubble transit rate remained unaffected
only for the BS system. Thus, the VDR of 2DE systems greatly influence the
measured transit rate of microbubbles through the myocardium.
1971-591
1971-60 I
~"defect"
~decreased
Dnormal
Perfusion:
RCA injection
Reconstruction of Three-dimensional Myocardial
Perfusion Maps in Humans by Myocardial
Contrast Echo Cardiography
LCA injection
IVS Lat
1971-57\
Does Regional Ischemic Preconditioning Affect
Collateral Blood Flow to Remote Myocardium
During Subsequent Occlusion?: Insights Using
Myocardial Contrast Echocardiography
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Pittsburgh, Pittsburgh, PA
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The 3D myocardial perfusion maps show significant individual variation for
the degree and extent of perfusion as shown in the figure.
Conclusion: This new method represents a major comtribution to the spa-
tial assessment of myocardial perfusion.
A three-dimensional (3D) evaluation of the extent and degree of myocardial
perfusion is of great clinical importance.
Aim of the study: To reconstruct a 3D myocardial perfusion map by my-
ocardial contrast echo cardiography (MCE).
Methods: Thirteen patients (pts) (7 males, 6 females) with stable angina
pectoris and single total occlusion of one major epicardial vessel and inter-
coronary collaterals (Rentrop3) were studied.
Sonicated iopamidol was injected into the right (RCA) and left coronary
artery. Two-dimensional echo images were acquired in three standard apical
views. From these views a 3D myocardial perfusion map was reconstructed.
This permitted the assessment of contrast enhancement (C) in sixteen re-
gional segments.
Results (standard representative example):
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Although it has recently been shown that brief periods of ischemia in one
vascular bed protect distant myocardium from subsequent sustained coro-
nary occlusion (occ). its mechanisms are unclear. We hypothesized that "pre-
conditioning" (PC) with repetitive transient ischemia in one coronary bed in-
duces an acute increase in collateral blood flow to a distant bed undergoing
subsequent prolonged ischemia, which manifests as a reduction in risk area
(RA) size. Accordingly, 11 open-chested dogs were studied: 6 had PC with
4 episodes of 5 min left circumflex (LCX) branch occ plus 5 min reflow, fol-
lowed by 1 hr left anterior descending artery (LAD) occ, while 5 received
1 hr LAD occ only. In-vivo LAD RA was serially depicted using myocardial
contrast echocardiography (MCE). Regional flow was measured using radio-
labeled microspheres. During the 1 hr LAD occ, MCE and microsphere mea-
surements were made at 10 and 50 min into occ. To assess the original LAD
RA size prior to PC, MCE and microsphere measurements were made during
an initial 90 sec LAD occ before intermittent LCX occ. RA was planimetered
from the MCE images and expressed as percent of the short-axis.
In the PC dogs, the original LAD RA prior to PC was 30 ± 8%, and de-
creased after intermittent LCX occ to 23 ± 10% at 10 min, and 15 ± 11 % at
50 min, into the 1 hr LAD occ (p < 0.03), due to new contrast enhancement
at the lateral and epicardial borders of the RA. This net 52% reduction par-
alleled progressive increases in normalized epicardial flow to the LAD bed
at these 3 stages (0.45 ± 0.17 to 0.58 ± 0.14 to 0.66 ± 0.18, P < 0.001). In
comparison, in control dogs, there was no significant change from the origi-
nal LAD RA (36 ± 7%) to that at 10 (38 ± 3%) nOr 50 (36 ± 3%) min into LAD
The effects of temperature on the stability and the reflective properties
of echocardiographic contrast media have not been studied. Accordingly,
we evaluated the effects of temperature on Albunex® microspheres using
an in vitro experimental setup. Contrast solution (5% human albumin and
Albunex®, 400:1) was introduced into a 3.5 ml latex balloon and placed
in a plastic water tank. Imaging was performed using an HP SONOS-1500
echocardiographic system with a 7.5 MHz transducer. The contrast solution
was subjected to different levels of continuous ultrasonic irradiation (0, 15,
20,25,30 and 35 dB) at three different temperatures (8'C, 22'C and 37'C). At
each power level, the irradiation was briefly interrupted every 30 sec, and
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